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Quenched jets:
what we're trying to study

* Quenched jet
— Softer constituents

— Broader radius

e - Looks more like
...... . background

: 3" (quenched) jet

Figure from Nucl.Phys. A827 (2009) 356C-364C arXiv:0902.2488 [nucl-ex]
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Background: our white elephant

Wiki: “A white elephant is a possession which its owner cannot dispose of and whose cost,
particularly that of maintenance, is out of proportion to its usefulness. The term derives from the
story that the kings of Siam, now Thailand, were accustomed to make a present of one of these

animals to courtiers who had rendered themselves obnoxious, in order to ruin the recipient by the
cost of its maintenance.”

e Background properties

e Impact of background
subtraction/suppression on
reconstructed jets

e Background subtraction in
jet-h and h-h correlations
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p+p di-jet event in STAR

Signal
Harder

Correlated with rxn plane

Low p, modifications

Flavor modifications?

Central Au+Au coll

Background

e Softer

e Correlated with rxn plane
e Large fluctuations/hot spots
e Combinatorial background

* Degraded energy resolution
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Focus on high p_

B 108
g0
e Pros: g 10
. . S 10°F
— Reduces combinatorial g0
E 15:_
baCkgTOUHd > :g:ﬂ F— Elackground
L —Jets
10__1;::—— Total
e Cons: 10 0
P,
— Cuts signal where we S i
expect modifications 2 og s
D — Background

— Could impose a bias

Schematic only!
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Focus on smaller angles

e Pros
g FastJet k, (p"" = 0.15 GeV/c)
_ * ) | Fit: (-3.3+0.3) GeV/c + (0.0623+0.0002) GeV/c x N‘::m
B aCkground 1S % 200/~ o JHEP 03 (2012) 053 =
smaller
- Background N
fluctuations smaller ool

Pb-Pb {s =2.76 TeV

e Cons: E
i E ;_/"\\\xmnﬁ
— Modifications LA,
expected at higher R b o0 R0 00
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Carefully quantify background

e Jet reconstruction: mixed events

Mixed Event Generation for Jets
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Reconstructed jets
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Jet finding algorithms

a

Tracks

@«

Clusters

N

Ve N

Particles

* Any list of objects works as input
e Qutput only as good as input

« IRSafe

» Colinrearsafe

M. Cacciari, G. P. Salam, G.Soyez, JHEP 0804:063,2008
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ALICE/STAR

Combinatorial “jets”

SEstimate combinatorial jet contributions and its
fluctuations from data

aRequire leading track p. > 5 GeV/c
@ Suppresses combinatorial “jets”

@ Biases fragmentation

aNo threshold on constituents
3 1mited to small R

Measured spectra:

unc e

pT,jet — MTjet p A
e

Where p—{-,jet, A

comes from FastJet anti-
k_algorithm

ratio

- Pb-Pbys, =276 Tev AnthkrR=0.2m<05
- . >0.15 GeV/c
= 0-10% Centrality Prack
E ET,CIuster > 0.30 GeV
1: —e— Inclusive
? - p'f::t‘f >2GeV/c
107 plis > 5 GeVic
- _y_ peadno 5 8 GeV/c
1072 E a T,tralck
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10° . AL
= v M
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CMS: Iterative Pile-Up Event
Background Subtraction

CMS CMS Experiment at LHC, CERN
- | Data recorded: Sun Nov 14 19:31:39 2010 CEST

‘\ Run/Event: 151076 / 1328520

Background is estimated

- for each calorimeter ring of /
constant n

- subtracted before jet finding @

- re-iterated after excluding the

jets found in the first iteration

Jet 0, pt: 205.1 GeV ’

Fake Jets: After the background subtraction, some local

fluctuations remain!
Fluctuations will deteriorate the jet resolution in central

events.

x \\ |/ Lumi section: 249 : - — .w

Jet 1, pt: 70.0 GeV

|
b
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ATL AS Constituent biases

don't matter that much
up here

* |terative procedure

< 2r
— Calorimeter jets: Reconstruct jets with R=0.2. v, * 1.8 ALICE PO-Pb ysy, =206 TeV
modulated <Bkgd> estimated by energy in 1.6p AMirAo0zin,l<0s
calorimeters excluding jets with at least one tower 145 Au:’je:‘:‘;‘
with 1.2¢ CMS0-5%

Et < E > 1 E HIN-12-004-PAS
ower tower . [ 7477 ATLAS 0 - 10%
Track jets: Use tracks with p>4 GeV/c 0.8F  PRL1I4(019 072002
: : : 0.6
— Calorimeter jets from above with E>25 GeV and ) i

track jets with p;>10 GeV/c used to estimate o

baCkg rou nd agai n . i ATLAS scal R =0.4to A =0.2 using R ratios in PLB 719 (2013) 220
: . . 0O II (l)OI II |2{|JOI — ISOO
o Calorimeter tracks matching one track with p;>7 P, ,, (GeVic)

GeV/c or containing a high energy cluster E >7 But thev do matt
GeV are used for analysis down to E; = 20 GeV - do§3’n ﬁe?;? o

Definitely imposes a bias, especially at 20 GeV!
We should treat that bias as a tool, not a handicap

Phys. Lett. B 719 (2013) 220-241

Christine Nattrass (UTK), RHIC/AGS User's Meeting, June 2016 14



Peripheral

lFT7—— 71— — T T T T T3
i F Au+Au @ 200 GeV, 60%-80%
(&) - trig -

= 9.0« < 30.0 GeVic
o 107k P =
o] 8 A,>020,R=03 3
: ¥ same event (SE)
:,‘ﬂl 1072 #mixed event (I\r1E)_EI
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S .
8 B 7

= -3 AR L.
o~ 10 ﬁ Preliminary 3
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°
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- —+— i
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Event mixing

® Reference spectrum:
peripheral collisions

® Much less combinatorial
background compared to
most central data

® Excellent signal/background
ratio down to 3 GeV/c

® Requires normalization at low p_

® All physical correlations treated like jets

Alex Schmah, Hard Probes 2015
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h-h and jet-h correlations

RS___}_.?QQiated__.,_..--"""f

Based largely on:
Sharma, Mazer, Stuart, Nattrass Phys. Rev. C 93, 044915
Nattrass, Sharma, Mazer, Stuart,Bejnood arXiv:1606.00677
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Correlation with reaction plane

» All reaction plane angles EA A
o0 = 0.7
B(1+Z:n:2 v, vicos(nAd)) :

* When trigger 1s restricted relative to osf N,
reaction plane 0af

03[

- Background level modified

D.E_IIIIIIIIIIIIIIIIIIIIIIII

Siﬂ(kC) 0 1 2 3 4 5 6

B=1+Z;O:22v2vf’tcos(kq)s) R, A (rac)

- Effective v, modified Nﬁfﬂ'm
) \%\ mid-plane

sin(nc ) - sin (ke
R.t nc R”+Zk=2,4,6...(Vk+n+vk—n)cos(k¢s) kc R,

VA—
§ o sin (ke
1+Zk:2’4’6m2vkcos(k¢s) k(c )Rn

¢, 1s the angular threshold
Rn: <COS (n(wtrue_ wreco))>

Phys.Rev. C69 (2004) 021901 arXiv:nucl-ex/0311007
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v,+cos(n 8)
,n=even FEaCtion in4plane

plane
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http://arxiv.org/abs/nucl-ex/0311007

Separating signal+background

Signal+background Signal only

£ 0.38+< " ) | Vs =276 TeV
3 0.363~ | 30-40% PbPb £
£0.344 w| 8<p, <10 GeVie ] go'
30.329 = S <0
Z 034 S
00.089 Zo
Z 0.264 gmo_
—. 0.249~ il

0.22- 0.

Background dominated region

Using toy model
described in Sharma, Mazer, Stuart, Nattrass Phys. Rev. C 93, 044915
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Near-Side Fit (NSF) method

No reaction plane dependence

o Signal+Background
0.27f— -« Background only

W NSF background
Signal+b ackground Modified ZYA1 background %ﬂ.
______________________ ~ .
s S \/s =276 TeV + (% :H:
F 03~ 3040% PoRo

%0 290 TN B<p, 10 GeVie

Background dominated region

80
* Project signal+background over 1.0<|An|<1.4
» Fit background 1n |[A|<n/2 with v up to n=4

Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016
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Near-Side Fit (NSF) method

No reaction plane dependence
e Reconstructs signal

with less bias and 0.08
smaller errors than 0.025

ZYAl method

—— T[rue signal
I NSF signal
=— Standard ZYA1 signal
iy Modified ZY A1 signal

!.‘:_/,..Z‘:A-

—
3 0.02
g
. g 0.015
o Extract v_ consistent % .o
4]
—» 0.
Wlth lﬂpUt " 0.005F
ool Yield (Y x 10 %) 0
ampee near-side | away-side
True 171 £ 0.1 £ 0.2 199 £ 0.1 £ 0.2 0.005—
30-40% |Mod. ZYA1| 18.9 £42+ 1.2 | 219+42+12
h-h [ Std. ZYA1| 157+16+12 | 187+16+12 @
NSF 17.14 + 1.1 20.14 + 1.11 $ 0
=
1\1/—h .0.005_ . . . L .
=2.76T -
3;NZO‘V Iz‘:Pbev 1 0 1 A0 2 : )
" <;) gt <10 GeV/c Standard ZYA1 = Zero Yield at A®=1
T Modified ZYAI = Zero Yield at A®=1 for 1.0<|An|<1.4
1<pTaSS°C<2 GeV/e
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Adding reaction plane
dependence

Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016
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Reaction Plane Fit (RPF) method ...

30-40% central

ut-ofplane

m id-plane

L

o
.
(]

id-plane :L
Signal+ifackgi

1/N d°N/dA¢ dAn
o

angles

al+Background
ground only
background

ied ZYA1 signal

ut-of-plane

\/s =276 TeV

30 40% PbPb
8<p e 10 GeV/e

SSSSS

true/reco

.'# F\‘% "\"{h N

Y | “[ A
,s* \\mﬁw

0

=
0 1 2 4
A

* Project signal+backgr01ﬁ1d over 1.0<|An|<1 4

0 1 2 3 7]

e Fit background 1n |Ag|<1 including reaction plane dependence
« v_and B extracted with v_up to n=4

Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016

22



° . - Nm-é:l?ne
Reaction Plane Fit (RPF) method ... % i
30-40% central \\\\

In-plane : Mid-plane 5 Out-of-plane [ All angles
0.012 | = \ = i 5 h-h
I h : Vs, =2.76 TeV
' ,’ 30-40% PbPb
< 0.008 : : ; | 8<p "=<10 GeVio
2 I .. ‘._ : [ ..I'.' i \ [ :' 1 <p assoe ) GeV/e
3 0.006 | (ke : : i i il _ [ T A
° -~
Z 0.004 A
©,0.002
z V
= 0.000 o
—— True signal
-0.0025 mm RPF signal
) Standard ZYA1 signal
-0.004 —Modified ZYA1 signal
| el el gl gl ga g gl eyl ey ad oy eyl gy
o 0.005
O - AV AR AV M " I'*N \\ % ,M %y
e 0.000 \W I ! ‘}Q“ “'-‘}!\ .VM-/‘ 'i'\. N " i “\é' o w‘ﬂr‘\;’\! ;ﬁ’% ~
O AR R e AR A a2 E AN VA L N 4 ADNF v LAy
ST NN S AR SSRGS ONSRE MR \
O
Ad Ao AQ AQ
near-side ¥ x 107" away-side ¥ x 1077
in-plane mid-plane out-of-plane All in-plane mid-plane out-of-plane All
True .78 £ 0.03 £ 013 5.77 £0.03 £ 0.14 565 £ 003 +0.13 1714+ 0.1 +02 (674 £+ 003+ 013 672+ 003 £ 0.14 652+ 003 £ 013 199+ 0.1 + 0.2
Mod. ZYAL 6.3 £ 50+ 1.7 5.7 £ 6.0 £ 0.3 6.8 £6.1+09 189 + 4.2 £ 1.2 73 £59+£1.7 6.8 £ 6.0 £0.3 T £6.1 09 219 £ 42 4+ 1.2
Std. ZYAL 4.5 £ 23 £ 1.7 5.5 £ 2303 536 £23£09 157+ 1.6 £ 1.2 535 £23£1.7 6.5+ 23 0.3 6.5+£23 09 187 £ 1.6 &£ 1.2
RPF (|Ag| <w/2) 5.0 £ 0.4 A7 + 0.3 5.9+ 0.3 17.0 = 0.7 6.6 £ 0.4 6.8 + 0.3 6.8 + 0.3 20.1 = 0.7
RPF (|Ag| <1) 5.7 £ 0.4 2.8 + 0.4 5.9+ 0.3 174 + 0.7 6.8 +04 6.8 + 0.4 6.8 +0.3 20.4 + 0.7
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Going to lower momenta \
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Low momenta

1.2
B Nearside A¢ i Nearside An [ Awayside A¢
1 05<p <1.0Gevic  #= R " B
2.1.0«.:2;:2.0 G:vfz : = i *: :* I .-Mm‘
. 20<p.<30GeVic *. .° o - - [ o me
0'8: v 4.0{&-{6.0 G:Wg ‘s me i +* - - *+ N ':' v v .:'
\ "*.:*2 .-::'. _,_-'"- i "::',
T ._._"+* » '.I' - '-'-"'-v- l-:=¢
0 'Tvvvvvvlvvvﬂrv']TllIllIlllllllllllllllr“;i',rﬂ
A?n 05 1 2 25 3A¢ 35 4 45
e ZYAM assumptions break T ey
" 30-40% PbPb
down at low pT =2 55~ 8<megg“<10 GeV/c
3 2242 . L 0.5<p <1 GeVie s
e [f method doesn't work on ézze;;s‘ ST
. P 233 e
PYTHIA, it can't be trusted on =2\ et
T 21558
data! 2

e But low p; 1s interesting! e - "
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Going to lower momenta, medium

modifications
e Peak gets broader

* Fit near-side peak and subtract it

e Increase An range available for backgeround subtraction

g 2
1.0 >
0.5 2,
2.
0.0
2.
0.5 o
-1.0 2.
2.
-1 0 1A¢2 3 4 -1 0 1A¢2 3 -1 0 1A¢2 3 4
h-h, Vs_ =2.76 TeV, 0-10% PbPb
NN Structure from
8<p, <10 GeV/e imperfect fit

1<p **°<2 GeV/c for background, 0.5<p_***°<1.0 GeV/c for signal
Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016
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ut-ofplane

'm id-plane

Near-Side Subtracted RPF method ...,

0 plane
30-40% central | % ]
0.82|} - id-plane - ut-of-plane - angles
0.80F al+Background
n ground only
£ 0.78F background
o 0 76: ied ZYA1 signal
3 ¥
> 0.74F 4 3
csgm D? ,2-"...*.‘ .”'-._1._{.::5:?_" ;
= 0.70 76 TeV, 0-10% PbPb
. - eV/c
0.68 eV/c for background
0 66':— ) Ge\lf/c f01rI signall
o 1.04F
o 1.02F :
o 0P LA ARSI SNSRI A A
= 0.96

'1D1éé4l101g 2 1 0 1.2 3 3 1T o0 1 =2z 3 =

* Projec siﬁg¢nal+backgrou$1d over 0.0<|Aﬁqi|<1 4 B
e Fit background 1n |Ag|<1 including reaction plane dependence

« v_and B extracted with v_up to n=4
B e
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Reaction Plane Fit (RPF) method

1/N,d°N/dA¢ dAn

true-reco

Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016

30-40% central

¢--

F eaction

0.08F i i i
[ In-plane Mid-plane Out-of-plane h,ﬁ‘«ll angles
0.06f - - N Vs =2.76 TeV
i 30-40% PbPb
0.041 - - , - 8<p,"=<10 GeV/c
B L > .." i ,::' 1<p as50c ) (Fe V.
B r i 4l e e (i) A i T o
[ 4T ot WS g i W A Fre, [ F N
= & bk T iy | L iy O b ™ i i b -l - -
;J!r 1-5: w ;"th 'i'l!,:i;l-.__“_ . Hii %,Eé.' y ":hﬁ' !qi;,‘r-_'_l_:rﬂ-._, ";l'i Hii' - 'l',':;i"“ J m'i:: “ J.:"??' ';,L_ P__::_,- ‘L:-;'.'-
0.00PM%"  aMED” R A i, 31 bl Rt i
[ B - e [h-h, Vs =2.76 TeV, 0-10% PbPb _
~0.021 - 8<p,"*<10 GeVe mam RPF Signal
. 1<p <2 GeV/c for background mm Standard ZYA1 signal
0.04 T Y Modified ZYA1 signal
=, — B assoc : <
| | o | | ' NN TN T T N T T N T N B IIII()I'5I<ph—~I |<|].-|OIG|ey/p|f0I|S|1gna].||||..I....I....I....I....I....I...
0.04F :
0.02F
D_[}D J.J g camad P L e g e L e b il R SRR i A N N R SR Jupk o
-0.02F
—0.04F

* Works beautifully!
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Revisiting dihadron correlations\

Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016
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STAR measurements of dihadron
correlations relative to reaction plane

* Correlations on arxiv (nucl-ex/1010.0690 v2)
— Published article (Phys. Rev. C 89 (2014) 41901) does not include raw

correlations
 ZYAM background subtraction
— Reports ridge at An> 0.7
— RPF method assumes no signal at An> 0.7
‘ ¢S= ﬁ°-1 5“ . 15°-30° 30°-45° 45° GD° 60°-75° 75°-90°
D.B;_ i
S pof
3 o
g o
i
— 0.05f
of

2
A= ¢- ¢, [rad]
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Background subtracted correlations 4<th<6 GeV/e

S 0.2F

0<0'-y<m/12 [ n12<oy<2n12 | 2n12<oy<Bn12 | 3ni2<oy<an12 | Anr2<¢y<Eni12 | 5,$12<¢‘-w<6m12

AAAARAAAM

f)
P
0.05}

e =

(1/N)dN/dA)

~0.05Hg) 2.0¢p<3.0GeV/c () I o KR AL

§0.05- + e Au+Au data | + 5 | i i
= I Au+Au sys. | _ i * _ i #
S5 0.04 o +

< 0.03}
0.02F |
\ + + t l. I
—0.01K(m) 3.0<p’<4.0 GeV/c [(n) -(0) (P) q) r)
_101A¢o234_101234_101234_101234 101234 101234

Statistical error ars Inclu ecorhatQ9!][|cal e?rolrloRaEkgrouanX hlgher preCISlon
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Yields 4<p_'<6 GeV/c

U.£ - -

@Near-side 4% . |® Away-side =\ 0.15
ol 5 § [ 5
S : u : S
€Q El‘l (i)
3 0.1 o ? -
5 : : 5
2 .05 " " i 2 : =005 2

T |‘| | |lil I Iutu 1 luiu | I |ll L1 Iliu L 1 |‘|' | I |+ | ';: I ": | |! L1 I"
o 02 04 06 08 1 12 14 ( 02 04 06 08 1 12 14
¢'F; ¢s=;
Avg. .
° . —nto — 1.5=p _<2.0 GeV/c
NS: No dependence on @ =@y e e

« AS: can see ¢4 dependence

* Higher precision than previous analyses

Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016
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AA AuAu  dAu
2 Avg.
) 45 i i —Ug-l B<p'<20GeVic " |
15 - o " é —2.0<p -::S_GGEWG+ log
Py ' 2 i é : . — 3.0<p <4.0 GeVic -
T _i : i * i _ 0.6
? 1= 1 ~ 5 ?
S - ; - : . —U.4§
Z 05} 4 2 f A oo™
Near-side Away-side- |
0204 06 08 1 12 14 ¢ 02 04 06 08 1 12 14 0
¢'F§ ¢F§

e NS: No dependence on @ =@y
« AS: can see ¢4 dependence

* Higher precision than previous analyses
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Truncated RMS 4<p <6 GeV/c

MNear-side RMS

0.4
04 &
0.35 E.:E:
0.35 2
0.3 =
0. A 03 2
I& U=Sie | .AV\.Iay.-S.id.e. IIIIIIIIIIIIIIIIII
o 02 04 06 08 1 12 14 ( 02 04 06 08 1 12 14
¢s=; ¢F;
0.8 w+0.8
RMSiZinC:\/f AQ*C(AG)dA¢ RJVIS?SHC:\/I (Ap—n)’C(Ad)dA¢
-0.8 n—0.8
* Lines show averages dAuAu_ Avg.

—1.5<p <2.0 GeVic

— 2.0<p_<3.0 GeV/c

— 3.0= icﬂ.ﬂ GeVic

e Higher precision than public analysis
(different p;)
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Conclusions

Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016
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Conclusions

* With right background subtraction,
we can see low p, modifications!

e Dihadron correlations:
- now consistent with fully reconstructed jets

— Broadening and softening of jet

* Need to continue to work to understand background
better!

 Need to treat bias as a toolls

Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016

36



Background for jet studies

 New method for subtracting combinatorial background
from flow (nucl-ex/1509.04732 accepted to PRC)

e Improvements on new method

* Reanalysis of published STAR data (nucl-ex/1010.0690)

Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016 37



Conclusions

 NSF, RPF, NSS(NSF/RPF) methods work!
— Much higher precision than ZYAM

— NSS works to extend analyses to low p;

e Qualitatively different results from public STAR
analysis

— Little/no reaction plane dependence 1n yield, RMS at
these momenta

- Away-side does not disappear completely, comparable to
d+Au

— More subtle effects than with ZYAM

Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016 38



Background Subtraction Methods

o Zero-Yield at Minimum (ZYAM): Assumes v, from

other studies, assumes region around Ap=1 1s
background dominated

e Near-Side Fit (NSF): assumes small Ag/large An region
background dominated, fits v_ and B

* Reaction Plane Fit (RPF): assumes small Ag/large An
region background dominated, fits v_ and B using

reaction plane dependence

* Near-Side Subtracted NSF/RPF (NSS NSF/RPF): fits
v_and B at small small Ag using reaction plane

dependence after subtracting the near-side with a fit

Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016
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RPF Method as applied to STAR data

6 bins relative to reaction plane

e Background level

— Normalized per trigger — B same 1n all bins if v,! is the only effect — reduces info for
RPF

— “The background levels can be different for the different @, slices because of the net
effect of the variations in jet-quenching with ¢_and the centrality cuts in total charged

particle multiplicity in the TPC within |n| <0.5.” (Pg. 10, arxiv version) — Not
consistent with ZYAM assumptions!

e Used reaction plane resolution values from paper and their uncertainties

— Used TPC for reaction plane and analysis — potential autocorrelations

e Data available for An< 0.7 (signal+background) and 0.7<An< 2 (background
dominated)

— Acceptance correction in not applied — background must be scaled — uncertainty

— Jet-like correlation not eliminated in 0.7<An< 2 for all p!, p;* given in paper — focus
on high p,
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Toy model
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Model for background

e True reaction plane angle 1s always at ¢=0 in detector coordinates

e Throw random reconstructed reaction plane angle
— Assume Gaussian reaction plane resolution

- Selected to approximate data

» Use measured particle yields to calculate how many associated
particles would be measured

« Use measured v, to determine their anisotropy relative to the
reaction plane

* Throw associated particles matching distribution observed in data
using v_ up to n=10
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Model for signal

 Use PYTHIA Perugia 2011

o 1+, K+, E, p for unidentified hadrons

e Quarks and gluons as proxy for reconstructed jets

G S NN (Y

R g s =276 TeV
.. .| pp collisions

3 <thrigger< 10 GeV/c

I<p ™"<2 GeV/e

1/N_d*N/dA¢ dAn

CO0OC 000

o000
oMo AED
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Acceptance correction

e Fixed acceptance cuts leads to a trivial structure due
to acceptance

e This 1s fixed with a “mixed event” correction

— Throw random trigger, associated particle within

acceptance

— Calculate A, An

— Use this distribution
to correct for
acceptance

acceptance
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PYTHIA at 200 GeV

1'2: Nearside Ao i Nearside An [ Awayside A¢
1:—- 05<p _<1.0 GeV/c # t - ?‘+'# :— ¥ , |
= 1.0<p, <2.0 GeVic #4. | 8<p <10 GeV/c 4" [ Hlow
0. 8__ 2.0<p <3.0 GeV/c !.ti T - - + i rn +
[ v4.0<p <6.0 GeV/ + + - e 4 - ﬁ H
306 ; 1 } i + Wt [ Ik
Joe A : RN : GHLE LI
Z + ¥ i . i . i +++ + +i+++
S 0.4 e Y S STV
: ﬁ, wer +ﬂ ! n - mai T, +++
0-2% + * » * + + + - e . - Tey _ ++++ﬁ * t t t t
* ) i &'& * A *‘#-*ij ij HE::* - ) e . e ud """*++
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PYTHIA at 200 GeV

1.2

i Nearside Ad i Nearside An i Awayside A¢
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§06__ " l' N . .t B .*I l.:.
E : * - - .. : * * __ ¢ . ll '4
? 04; a" - - o -c-.- = = -.-o- I .' . ..
02:_ ._l.l l. :_ ++ "'_ "' *+ __ "' .. " ".
g T ."I-l--ll.!I - *:._"' .-I-: P .' " S
0_| I I | | I I | | | I I | | | I I | | I I | | I T | | ﬂg| 1 1 | L1 1 1 | | I I | | | 11 1 | I 1 1 | | L 1 |#| |.-!|1' L1 1 | I | | | I I | | L 111 | [ |-.|..
-15 -1 -05 0.5 1 -1 -0.5 0 0.5 1 2 2.5 3 3.5 4 4.5

Aoq; An A

B Nearside A¢ I Nearside An [ Awayside Ao
1+ 05<p <1.0 Gevic gt t ; onge B ﬁ*‘
L T ¥
[ = 1.0<p_<2.0 GeV/c o 4<p <6 GeV/C o - o7 g
L T = = T i - - - I : a*
0.8- 2.0<p_<3.0 GeV/c_+ L - - - Pl .
"OL v 4.0<p.<6.0 Gevig w7 T.¥ i . - - . $= .
g i L0<p, <b. S - i . *y = L . = + -
g 06__ * g P L . = = . : .'.l + + ll‘.
- r - -
E i S v " .t i T - ° I '..l' t ¥ .l e
E 3 - L
© 04__ ‘* = . " L - - - v = - r * s + s *
- = . - ~ o B ¥ = *
. ..t - . v - " J *-.- .-l— I-._ —.-_._ I o .. . + .l t'
0'2—_”,%”" =" ¥ s '1,1' oL +* - . ¥ - "* i - = ¥ ¥ s *,
- v ! . - - - - = PO + ¥ "= %
¥ v - - ¥ ¥ - s ¥ -
v - = = =
L e L S A Ty ¥ r.v - ol g T Tag e ¥ A ¥ =,
OJ-lL I‘-"I‘I- |"-|'-'-'-‘|"‘r‘-|"‘|: - I I | | 111 1 -‘III‘.“I.-"I‘I I?'T";_“I':‘;l T_‘Il | -| _‘ll_‘l_'di'_T";_"l‘_l‘lfT_ I I | I I | _‘;_‘T'_l‘l_‘lli‘lr'_rmr_-‘*ﬁ'!tll-_l . ! 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 ;‘I-Y-Y.l | | -4 |-. ‘j

-15 -1 -05 0.5 1 -1 =05 0 0.5 1 2 25 3 35 4 :

Aoq; An Af
Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016 46




2.28

SO
] ]
=% [8)]

1/N_d®N/dA¢ dAn
M
)]
%]

true-reco
true

oo
W D

Near-Side Subtracted NSF method

- = Signal+Background
[ —»Background only
— JNSF background

- 8<p "=<10 GeV/e

— [Z1Modified ZYA1 background
L h-h, Vs =2.76 TeV, 0-10% PbPb

— 1<p <2 GeV/c for background
—  0.5<p **<1.0 GeV/c for signal

)
N
!
§ R
P

rue-reco
=

o
o —
— (%))

1/N_d®N/dA¢ dAn
5
n

0.04

-0.02

~0.04F

—— True signal
I NSF signal
[ Standard ZYAT1 signal
Modified ZYA1 signal

 Project signal+background over 0.0<|An|<1.4
e Fit background 1n |Ag|<1 including reaction plane dependence
* Bias from residual contamination by near-side

Christine Nattrass (UTK). RHIC/AGS User's Meetine. June 2016 47



v, STAR (Table I)

v, STAR vs Fit

v, Fit (stat. errors only)

1.5<pT<2.O GeV/c 0.164 +£0.011 0.194 + 0.008
2.O<pT<3.O GeV/c 0.189 +£0.012 0.237 £0.010
3.0<p.<4.0 GeV/c 0.194 +0.013 0.293 +0.058
4.0<p_<6.0 GeV/c 0.163 +0.020 0.073 £0.025
0.036 + 0.033
0.033 £ 0.068

Centrality bin 1s 20-60% - proper weighting of average?

Bias in event selection with high p. trigger?

 Bias in reconstructed reaction plane in the presence of a jet?

Less information 1n fit due to normalization by N

Residual jet-like signal in background dominated region?

trlgger
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Correlations - STAR

aqa ¢ ¢ [rad]
e Green: d+Au, Red: AutAu

e Large error bars

e “Mach Cone” evident, even decrease in amplitude for
higher p !
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Background subtracted correlations 4<p_'<6 GeV/c

%DJS;— 0<0'-y<n/12 _mzﬂq:‘-wzmz _2m12¢¢‘-w.=3m12 31/12<0"-y<dn/12 _4m12¢¢‘-w{5m12 _wpzﬂqf-wamw
= o JyH m _ _ _ { _ H } _
E Hw i Wwﬁ m M | H% | M” ) | Hﬂ i i \ Wﬁ M % H MH
A A KA LA AR
gmﬂz [riayats | Bt yenis | Swidelyetni2 | pevesutz | suidyeaniz
e | H{ | : H{ } n : ﬁ
“ﬂH o1 ] SR | |
ooa 1, MMM o e T
002 il o L WHW“: Lol e
iﬂ o*L“J MMWN Vil Ty ”%W +“+*W W {WM MH
g :Zi < Fm | zu “y< H -y< H < H “y< h -y<
Z.ZZ?i N'H 1 | AT
oo (N | IV
M N TR f ey
.%.Qfﬂf“..f&ﬁ..qﬁ ....... /@*W*H”ﬁ*”wM““*w**“““*W ..... MHMM i WMH%*
Yo b nceart s Zﬂﬁt‘}"s‘iﬁg&f’ﬁ on background No “Mach Cone”
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RMS - STAR

1.5p R R e S EEmans -
e ]
© 135 .3<p{:’<4 GeVic =
o 1.2F []4<p <6 GeVic =« Large error bars
= 118 TN E h I;
N : (shown as lines)
QD 1 —
© 3 E i
@ gg ~ 2 e Strong reaction
> V-OF =
S o7 E plane dependence
< o T d+Au:E

0 10 20 30 40 50 60 70 80 90
0,=10- w_ | [deg]
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) dN/dAo

trig

(1/N

D.04F §

JND tE

po2f . 1

2 4 0 2
A= ¢- ¢ [rad]
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0.8
0.7
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0.4
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0.2
0.1

JAN/dA®)

trig

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Average amplitude ((1/N

Yields — STAR

=iel

() 3<p‘ Y<4 GeV/c, 1-.—.p‘ <2 GeVic

n-region (|A¢-r|<0.39)
cone-region (0.81<|A¢-1t|<1.5

|IIII III|IIII|IIII|'1"|""II|IIII|IIII

® ]

I’
" 1e
]
]

------
-----------

RN B LA R I B BLEL
(b) 4<pr“<6 GeVic, 1~:p{:}<2 GeV/c

1
10 @
*Illlllllllllllllllllllz :J*

v o vy by Py by 1y
00 10 20 30 40 50 70 80

0,210~ v | [deg]

90

e Large error bars
(shown as lines)

* Indications of
reaction plane
dependence?
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Near-Side Fit (NSF) method

No reaction plane dependence

= Signal+Background
0.27f— - Background only
1 B NSF background
Slgnal_l'baCkgr(lund 0.265f~ Modified ZYA1 background %ﬂ:
lllllllllllllllllll \/SNN=276 TeV g: DEE +
g o0ad e 3040% PbPb g
© 0.29 8<p tigger -1 () GeV/c =R
= ettt 2o T E
Sozel L g :
NZ 0274 — Ec|.1
-GQJUEG IIIIIIIII B —
€0.254

Background dominated region

Ag
 Project signal+background over 1.0<|An|<1.4
 Fit background in |A@|<1
e Not reliable over narrower A¢ region
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